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1. INTRODUCTION
The purpose of this research is to apply a modern economic tool to the
optimum organization of the farms in one area of Peru. The focus is on
small farms in the Chincha Valley.
This study is involved with small farms^ since the main objective of
the government of Peru and the Alliance for Progress is to help the majority
of the people engaged in the agriculture sector.
Aiding the small farmer to increase the productivity of his resources
is only a starting point and a short run step toward greater productivity in
the country. Accurate planning is a necessity for raising the farmer's
standard of Iiving.
We know that In the long run to achieve economic development, it Is
necessary to create job opportunities in other sectors, by educating the
people and creating new skills In them, and starting a progressive indus
trial ization.
Economic development is a consequence of new and better production
possibilities that have been realized by particular communities from
advances in technology, accumulation of capital, inprovement in skills,
growth In population and improvements In economic organization (8),
Using a typical small farm, with a wide range of feasible production
activities, and assuming limited amounts of operating capital, land, water,
and labor, the optimum organization of the farm has been planned.
Another Important feature of this research Is that, for the first time
in programming applications to farm planning, the capital limitations are
considered monthly. In the United States this factor is not usually given
detailed treatment, since capital is not a scarce factor of production.
In developing countries such as Peru, capital is scarce and opportunity
cost is high. For this reason we have attempted to design a linear program
ming model, which Introduces monthly capital restrictions. In this manner
the influence of this important factor of production on the optimum choice
of activities can be more fully analyzed.
II. OBJECTIVES
The objectives of this study are as follows:
1. To define the optimum combination of crops which maximizes incomes
of small farmsj considering the limitations of capital^ landj labor^ and
water In the Chincha Valley.
2, To analyze capital restrictions at selected levels, since capital
is one of the most critical limitations in Peru.
3- To define the amount of land best suited for the resources of
water, capital, and labor available on the farm.
4. To analyze the relationships of the restrictions of capital, water,
land and labor to production activities suited to this area.
5. A more general objective of the study is to examine techniques and
principles which may make a contribution to farming efficiency when applied
in Peru.
111. STATEMENT OF THE PROBLEM
In the Chincha Valley uncertainty exists about the optimum combina
tions of crops produced on any one farm. This is reflected by the eleven
different crops produced by the farmers of the area. Choice of the wrong
cropping activities creates inefficiencies in the use of resources,
especially capital and water.
Farmers seeking capital may choose between private lenders and the
Banco de Fomento Agropecuario del Peru. Commercial banks and private
lenders receive rates of interest ranging from ]k to 20 percent per annum.
The Banco de Fomento Agropecuario del Peru charges a rate of 9 percent per
annum. The advantage of borrowing from private sources is that the loan
can be obtained quickly and requires less formal application procedure than
the government sources of credit.
The International sources of credit, the World Bank, and the Interna
tional Development Association have concentrated in public investments,
such as roads, railroads, and electric power. With the exception of San
Lorenzo Colonization, the rest of the farmers of the country do not receive
loans from The World Bank, which offers credit at a rate of 5-1/2 percent
interest (22, pp. 1-33).
Capital is scarce and expensive; therefore, it Is especially important
to study the best use of capital, analyzing capital requirements on a
monthly basis to find the critical periods. Since rainfall in the Chincha
Valley is negligible, water is another Important restriction that the
farmer must consider when planning the optimum combination of crops.
The goal of the government is to increase the level of income from the
small family farm, where the size of the farm is not in balance with the
labor available from the operator and his family.
In one section of this study, the land resources typical of farmers of
this valley have formed the basis for an analysis of the optimum combina
tion of crops. In later sections, changes in the optimum crop program
which would occur with increased land per farm were analyzed.
Since capital is one of the main restrictions, it also is analyzed at
two different levels. This procedure could lead to better understanding of
the requirements of capital and facilitate acquiring sufficient credit for
the farmer.
Since the country is In a process of agrarian reform and is developing
new areas of colonization in the coast and jungle, this study has tried
to design a model that could provide information on the relationship of
land and capital per farm to the optimum choice of crops and the level of
i n come.
The size of the farm was increased in several test levels in the
model, until its size reached the effective limit of other resources
available on the farm.
IV. ANALYTICAL SETTING
A. Area Studied
1. Location
The Chincha Valley Is located In the lea Department^ on the central
coast of Peru, at latitude 13 26' 25" and longitude 76 08* 09". It Is
located 205 kilometers south from Lima and Is connected by a surfaced
h i ghway.
2. Weather
The temperature during the summer (January, February, and March) has
a maximum of 28^C and a minimum of 17^C. During the winter the tempera
ture ranges to a maximum of 20°C and a minimum of 12°C. The humidity
during the summer fluctuates from a maximum of 91 percent to a minimum of
50 percent. In the winter the range Is from a maximum of 95 percent to a
minimum of 55 percent. The precipitation during the summer Is 0.2 mm and
during the winter 2.0 mm (7).
3. Crops and agricultural problems
The crops cultivated in the Chincha Valley are the following: squash,
peas, sweet potatoes, tomatoes, hybrid corn, beans, alfalfa, cotton, lima
beans, corn and yuca.
The most common insects that attack the crops in the valley are:
Anthomus Vestibus Bloom in the cotton and Heliothis Virescens In the corn.
Elasmopalus llgnoselles zell and EpItonia aporema are pests which frequently
appear in beans.
B. Method of Analysis
The technique of linear programming Is used in this study to estimate
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Figure 1, Location of Chincha Valley
maximum profits under different farm situations. Linear programming is a
mathematical procedure which allows refinement and extension of the
familiar budgeting procedure. Both methods consider allocation of a fixed
supply of resources (land^ labor^ water, and capital) to alternative uses*
Using budgeting techniques, only a limited number of possible enterprise
combinations or plans can be considered because of the computational burden
involved in laying each alternative plan (!)•
The linear programming procedure allows simultaneous considerations of
all feasible plans, where a feasible plan is one which is possible within
the limitations of the resource supplies.
The plan which yields maximum income Is automatically chosen from this
array of feasible plans. It represents the optimum combination of enter
prises for a producer operating within the designated resource restrictions
who desires to maximize net Income. These profit maximizing plans are
therefore referred to as optimum plans.
1. Assumptions of 1inear programming
The most important assumptions of linear programming are the following:
linearity, certainty, additivlty, and finiteness.
a. Linearity Every activity considered in the model must be in
the step of constant returns to scale. Each additional unit of output
requires exactly the same amount of resources. For the farm as a whole,
average and marginal returns vary as different combinations of enterprises
are considered. Increasing supplies of one resource while holding other
restrictions constant yields decreasing returns.
b. Certaintv Prices and input-output coefficients Indicate the
transformation rate of resources to output and hence to revenue.
Coefficients and prices used in linear programming are singled valued.
This may lead to errors in that the price uncertainty attaching to one
product may be greater than another. One enterprise is treated like all
others even though its price uncertainty may be greater.
In order to define these values it is advisable to use the mean of
the values in the area. It is also necessary to be familiar with the
price elasticity of demand for the output of every activity in order to
interpret the solutions in case of exaggerated results.
c. Additivitv In additivity the results of two or more units of
different activities carried on simultaneously are additive. This means
the combined input is the sum of the inputs of the separate activities^
and the combined output is the sum of the outputs of the separate
activities (9).
d. Finiteness Linear programming assumes a limited number of
relevant alternative activities. Since linear programming makes this
assumption^ we are forced to choose a certain number of the most relevant
activities to be included in the model.
The most relevant activities are frequently defined on the basis of
the experience of the farmer. If the planner had an unlimited number of
alternatives^ he would never succeed in programming them, because he
would never finish describing additional activities (14).
2. Model
This model is designed to specify the plan which will give maximum
income, considering the limitations of capital, water, land, and labor in
the Chincha Valley of Perd.
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The modified simplex method has been used to find this optimum solu
tion. The modified simplex solution rests on two simple conditions. Firsts
the optimum program for each situation is one that gives the highest ratio
of income to limiting resources, i.e., the income resource ratio for each
limitationai resource is higher than would be provided by any other program.
Second, a modified simplex solution can be derived whereby each new acti
vity introduced gives a return to capital, i.e., increase in income per
unit of capital used or some other limiting resource, higher than any other
activity that could have been introduced. When the optimal program is
finally reached the ratio of total income to total capital used is higher
th^n for any other program.
Knowing the actual technology developed in the Chincha Valley, and
the capacity of work of the members of a family farm, it was also possible
to find the optimum area for this family to operate. It is necessary to
emphasize that the business size of operation in Chincha Valley could be
increased with the combined improvement of technology, education, increase
of water supply, and area of land for the small farmer.
a. Objective function The objective of the model is maximizing
net farm income for the resources controlled, i.e., maximization of the
value of the program.
The profit equation has been determined considering the net price for
individual activities, i.e., gross receipts minus variable costs of produc
tion. This is called the C row in the thesis and shows the net price for
each activity per unit of output.
In developing the net price for an activity it is implicitly assumed
nthat all the products are sold during the planning period.
Subtracting all fixed production expenses from the value of the
program could provide an estimate of net farm income (k),
b. The profit equation is the following;
It = ax^ + bx2 + bx^ + nXj ^
The value of the program in the final iteration is the sum of the products
when the net price of each activity is multiplied by the number of units of
those activities that are in the solution.
c. Resource restrictions The main feature of this model was the
definition of capital restrictions by months in order to determine which
were the most critical months. The capital requirement coefficients were
estimated for each month of the year.
Turning to some well known examples such as Swanson, Heady (1958) and
Candler (1956), where capital had been included as an effective constraint,
we observe that it is always in the form of a single linear relationship.
n
Po > 2 vj Pj
j=l
where Po Is the capital limitation and where It Is assumed that there are
n possible acltlvities, and that the capital requirements of any particular
one can be expressed In the form rj Pj, where Pj states the level at which
the activity in question Is to be carried on, and where rj is a constant
characteristic of the activity (19).
It is difficult to give a realistic meaning to the relationships given
In this form. The expression presented In the above form works under
12
conditions wliere the coefficients refer only to a period of time between
the beginning of a farm year and the point when sales begin.
This model breaks down the capital restrictions by months in the
following way:
Time Capital Real
Period Avallabte Activities
1 > ax, + bx^ + CX3 + dx^^ . . . . cx,,
2 f^2
> dx, + fx2 + mx^ + 'Xi* • • • • hx,,
3
a.
> cx, + dy2 + nyj + PX4 . . . . bx,,
12 P^2 > ^^3 "** "^11
The restriction does not specify that all capital must be utilized but gives
only the upper limit of capital available In each month.
On this basis the enterprises that do not exceed the limitation of
the monthly capital available and that give the maximum return to the
operator can be chosen in the programming process.
i^ost farmers have limited amounts of capital at their command. Hence,
the capital restriction used for one programming situation does not apply
to another farm with more or less capital available. In many farming
regions, a large number of farms have similar soil, acreage, building, and
family labor restrictions, whereas capital restrictions are highly
variable (6).
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The next important limitation included in the model was the water
restriction by months.
Real
Activities
+ CX3 + + eXjj
+ + + mx^ j
^ ^ "''ll
Time
Per iod
Water
Avallable
1 "1 > ax, + bX2
2 W2 > dx, + CX2
3 > cx, + dXz
"12 ^ ''*1 * ">^2 * * + S^^ll
where W,, .... Wj^j represent available water per month and x,, x^, ..
.. jj represent activity levels and a, bj indicate the quantity
forwater required per unit of activity.
The other restriction considered was land. In the first analysis^ the
size of the farm programmed was typical of many small farms in the Chincha
Valley.
The next restriction was labor. It was considered in the system of
equations as the monthly availability of hours of work. The coefficients
were the requirements of work for every crop in each month.
Time Labor Real
Period Available Activities
1 > ax, + bX2 + + IX,,
2 "•2 > bx. + CX2 + + fx,.
3 > cx, + dx2 + + mx,,
14
12 Lj2 > + mx^ + nx^ + zx^ ^
This system of inequalities must be transformed into a system of equalities
by adding a matrix of slack variables to the right hand side of the system.
The Z row or opportunity cost shows for each activity the value of
other enterprises which must be sacrificed to produce one more unit of
output.
d. Shadow prices The Z-C value or the shadow price indicates how
adding an additional unit of any activity^ including a disposal activity^
will change the value of the program. The signs are reversed, however. A
minus value in one real activity means that adding one hectarea of this
activity the value of the program is going to be increased by this value (l4).
One of the remarkable properties of the allocative programming solu
tion is the emergence of marginal value productivity estimates for scarce
capital, land, water and labor resources. The estimates indicate the worth
or value of one added unit of a scarce resource as a productive iraput.
These imputed values assigned to resources that limit higher farm plan
profit levels are called shadow prices.
3. Alternative enterprIses
For this study of farms In the Chincha Valley eleven different crops
were defined. These were crops that had been produced during many years
with acceptable yields.
These crops were: squash, peas, sweet potatoes, tomatoes, hybrid corn,
beans intercropped with corn, alfalfa, cotton, lima beans, corn and yuca.
The level of technology considered is the actually achieved level on
farms of this type. The data particularly labor requirements, capital
requirements, water need, and expected yields were discussed with the
successful farmers and technicians working in the area. The characteristics
of the crops included follow,
a. Squash The period of production Is nine months, typically
starting in September with the preparation of the land. The planting is
in October, Disease control measures are carried out In October through
February. The crop Is Irrigated from November through April and harvested
in May.
Peas The length of the production period Is five months,
preparation of the land takes place In May and planting In June. Disease
control starts in June and continues through September. Fertilizer Is
applied in July and Irrigations from June until September. September Is
the harvest season.
c. Sweet potatoes The production period extends for six months,
with the preparation of the land taking place in April and planting in May.
Disease control measures start in May and are completed in July. Fertilizer
is applied in June and irrigation extends from May until September. The
harvesting season is in September.
d. Tomatoes The preparation of land begins In January with plant
ing in February. Disease control starts in February and continues until
16
June. Fertilizer application is made in March. Irrigation starts in
February and is completed by the end of June* The crop is harvested in
June. Thus^ the production period is of six months duration.
e. Hybrid corn The land is prepared in July and planting takes
place In August. Disease control starts in August and continues into
November. Fertilizer is applied in August and September. Irrigation starts
in August and Is finished in November and the crop is harvested In December.
The total length of the production period is six months.
f. A1 fa 1fa Alfalfa is a perennial crop that can be expected to
maintain acceptable stands for four years. The preparation of the land
takes place in April and planting in May. Disease control and fertilizing
starts in June and continues for ten months. Irrigation starts in May each
year.
g. Cotton The period of production is ten months. Preparation of
the land starts in July and planting is in August. Disease control begins
in September and terminates in March. The application of fertilizer is
made in September and October. Irrigation starts In August and is finished
in March. Harvesting is In April.
h. Lima beans The length of production is eleven months. Prepar
ation of the land takes place in December. Planting of lima beans occurs
In January with disease control starting in January and terminating in
November. The harvest takes place In November.
I. Corn The period of production is five months. The preparation
of land takes place In March; planting In April. Disease control Is
carried out from April until June. The application of fertilizer Is made
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!n April and May. Irrigation starts In April and is ended in July. The
harvest Is in July.
j. Yuca The period of production is ten months with the prepar
ation of the land beginning in August. The planting takes place in Septem
ber. It is not necessary to employ disease control measures. Fertilizer
is applied in October. Irrigation starts In September and is terminated
in April. Harvesting takes place in May.
An estimate of net income per hectarea by activity found in the area
IS shown in Table 1.
Table 1. Annual net income by crop
Crop Net Income (soles)
Squash 9,023.00
Peas 7,617.13
Sweet Potato 6,927.99
Tomato 11,535.51
Hybrid corn 6,030.39
Beans with corn 10,182.54
Alfalfa 9,644.11
Cotton 4,669.37
Lima beans 11,431.17
Corn 9,295.15
Yuca 13,018.25
4, Resource restrictions
In setting up a linear programming model it is necessary to define
which resources may limit the activities. In this model, capital, land,
labor and water were defined as the most relevant restrictions.
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a. Cap!tal In developing countries such as Peru capital is a
critical resource. The commercial banks and private lenders are receiving
a rate of interest of \k to 20 percent per year. The Banco de Fomento
Agropecuario del Peru charges a rate of interest of 9 percent when the
amount of loan Is less than 100^000.00 soles and 10 percent when the loan
is larger than this amount (2), In order to handle the capital tn a more
detailed way it is advisable to define capital requirement coefficients
on a monthly basis for each activity.
A basic problem in Peru is to improve the distribution and mobility
of capital among alternatives within agriculture. Opportunity costs
become important. The farmer must develop an acute sense of timing for
seasonal problems in finance and for life cycle problems. It is necessary
to recognize the Importance of the time pattern as an ingredient of the
budget. Therefore it means if capital is going to be included in linear
programming as a limiting factor, it is necessary to take into account its
seasonality. In other words, so-called capital profiles must be developed
for planning capital use.
Harrison, in 1956, said that the capital profile, for individual
enterprises, must be taken over a period of time. Clark and Simpson In
presenting an example of planning with linear programming in 1959 suggested,
"There seems no very good reason why capital should not be handled in the
same way as labor". Cann in discussing working capital needs points out
that it has two dimensions, quantity and time. If in fact there is a
limit on the supply of seasonal capital, it is necessary to determine what
combination of enterprises will maximize farm income, subject to all other
19
physical and preferential restrictions. If seasonal capital is a limiting
resource^ then it will play a role in defining the optimum plan. If It
is not limiting then it need not be considered as a restriction in the
programming model.
The capital restrictions were considered by months for two different
levels. Other resources were held at fixed levels In the conventional
manner. At each step In the solution, the activity yielding the highest
return to capital was Introduced into the plan to the maximum amount
permitted by the most limiting resource. When this criterion is followed.
It results In a situation of successive plans which maximize the return to
capital, within the limitations improved by other resources. The optimum
plan for any desired amount of capital may be obtained by linear interpo
lation between successive plans.
The capital requirements for every activity represents the capital
needed for every month's operation. This included operating expenses, not
fixed costs, such as land and buildings. Only the expenses paid by the
tenant were Included* Rent Is not Included since It usually can be paid
at the end of the year with the receipts from the current crop. The cost
of family labor was not included as a variable cost. This had the result
of Including only the variable expenses associated with the production of
crops.
The value of the program which appears in the solution under these
circumstances provides an estimate of the money available to meet fixed
costs and to provide for living expenses of the farm family. The capital
restriction for the small farm was defined taking Into consideration the
20
actual capacity of credit per month of the farmer.
The Banco de Fomento Agropecuario del Peru limits capital per month to
72 percent of the v^lue of the land divided by 12 months. Assuming the
value of land is 50^000 soles per hectarea; then
?0,000 Xtf hectareas x .72 ^ j^.OOO soles (2, pp. 20).
The requirements of capital by months for each activity Is presented ,
in Table 2,
b. Water This restriction will decide the optimum combination of
crops from the point of view of efficient use of water. As was mentioned
In describing the characteristics of the Chlncha Valley^ the precipitation
is very small, therefore It Is necessary to handle this restriction wisely*
The sources of water that farmers of this area have are three: water
from wells, from lakes, and from the river. Water from wells is available
all year but the supply available during any time period is limited. In
the whole valley there are 167 wells in operation. Every pump has a c^a-
city of 288 m^ per hour (8l Its. per second). The pumps are operated 12
hours per day. They are used about 100 days per year. The farmer pays 60
soles per Irrigation per hectarea when he uses the watei^ from the wells.
Water from the lake Is used durirrg September, October, November, and
December. The farmer has to pay kS soles per irrigation per hectarea when
he uses lake water.
Water from the San Juan river is used in January, February, and March.
The farmer pays 12 soles per irrigation per hectarea when he uses river
water. The annual volume of the river is 68'855,796 m^. And the annual
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volume of reservoirs is 22'800,000 m^.
Farmers are allowed to use a limited volume of water per farm In each
month as decided by an Irrigation cooperative In the Chincha Valley. The
monthly restriction of water Is shown In Table 3.
The requirements of Irrigations per crop or activity are presented In
Table k,
c. Management Some managers may have the capacity to work effec
tively with a small enterprise but fall with a larger one. This depends
mainly on the skill and level of education of the farmer. Management
ability varies considerably among farm operators. However, coefficients
employed in crop activities reflect the level of competency of the operator.
The level of management of the small farms in the Chincha Valley is
relatively low because of the poor training and education among the
operators. However^ this factor has been taken Into account In estimating
production coefficients (4).
A superior manager Is identified by his superior achievement level.
He has higher crop yields, and uses his capital and labor more efficiently.
An Inferior manager exhibits opposite characteristics. Neither extremes
of superior or inferior management abilities were assumed for Chincha Valley
farm operators. Rather, an average or typical manager was assumed (l6,
p. 177).
The category of average management Is reflected In average yields,
labor requirements, and fertilizer response for crop activities.
d. Labor The labor Included for all farm situations was that which
could be supplied by the operator and his family. Hired labor is not
23
Table 3. Limit of water per farm by month
Month
1rrigatlons
per farm
Volume^
per farm
(m^)
January 7 2,016
February 8 2,30^^
March 8 2,30if
Apri 1 10 2,880
May 9 2,592
June 10 2,880
July 10 2,880
August 12 3,^56
September 12 3,^56
October 12 3,^56
November 7 2,016
December 6 1,728
^ 288 per irrigation
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consIdered.
An average of six members per family was assumed, Amaximum of 480
hours of labor per month was considered available (2 workers x 8 hours x
30 days = hQO hours). This did not mean that the farmer was not going to
rest during some weeks during the year. Requirements of labor for each
crop were estimated by hours per month. These estimates are presented in
Table 5.
e. Land The soil considered is typical for the aluvial and
coluvial soil association. The level of productivity of the soil is the
actual average obtained in the Chincha Valley.
The area of land, k hectareasj used in the analysis was that of the
typical small farm. However, in order to test the effect of adding more
land while other resources remained unchanged, the size of the farm was
increased to 8 hectareas in situation IV and V.
T
ab
le
5.
L
ab
or
re
qu
ir
em
en
ts
by
m
on
th
an
d
ac
ti
v
it
y
fo
r
sm
al
l
fa
rm
s
in
th
e
C
hi
nc
ha
V
al
le
y'
P
O
l
P
0
2
P
0
3
P
0
4
P
0
5
P
0
6
P
0
7
P
0
8
P
0
9
P
IO
P
ll
S
q
u
as
h
P
e
a
s
S
w
e
e
t
p
o
ta
to
T
o
m
a
to
H
y
b
ri
d
c
o
r
n
B
e
a
n
s
w
it
h
c
o
r
n
A
lf
a
lf
a
C
o
tt
o
n
L
im
a
b
e
a
n
s
C
o
rn
Y
u
c
a
J
a
n
u
a
ry
1
0
5
2
2
6
2
F
e
b
ru
a
ry
5
2
1
2
6
5
2
2
8
5'
»
2
M
a
rc
h
76
5
8
1
0
2
5
2
5
3^
A
p
ri
l
2
5
3
7
5
8
2
2
9
1
0
0
2
M
ay
5
1
0
1
7
7
1
8
5
8
8
6
1
2
4
J
u
n
e
5
0
6
24
3
1
2
5
7
38
J
u
ly
8
5
6
5
6
6
1
2
5
5
0
1
4
2
A
u
g
u
st
38
2
1
0
8
5
0
5
2
3
5
6
6
S
e
p
te
m
b
e
r
78
2
8
1
7
0
5
2
1
2
9
6
5
7
4
2
O
c
to
b
e
r
4
2
38
1
0
4
5
2
31
4
2
3^
N
o
v
e
m
b
e
r
2
0
3
^
1
2
2
1
34
3
34
D
e
c
e
m
b
e
r
76
1
2
4
5
2
2
0
3
2
T
h
e
v
a
lu
e
s
a
re
e
x
p
re
ss
e
d
in
h
o
u
rs
.
M
27
V. RESULTS AND DISCUSSIONS
In this section discussions are presented to evaluate the results of
the linear programming computations of the empirical data. For all the
situations the requirements of inputs for every activity were defined and
presented in the description of the limitations and activities.
In this study the level of restrictions in capital and land area was
changed in order to analyze the effect these shifts would have on shadow
prices^ on the optimum mix of activities^ and on the value of the program.
However, the restrictions of labor and water are assumed to be fixed.
The total net income per family farm is assumed to be the value of
the program minus 10 percent the rate of interest for the capital used.
Rent of land is not considered as a cost since it is assumed that the
farmer owns the land. The small farmer does not pay taxes.
A. Situation 1
Optimum farm plan assuming
k hectareas of farm and 12,000
soles of monthly restrictions of capital
The factors of capital and land were analyzed with respect to the
eleven crops cultivated in the Chincha Valley. This case considers the
group of farmers whose maximum monthly availability of capital is restricted
to 12,000 soles. The average size farm for this group was k hectareas.
Under these conditions the result of the computations of the program was
4 hectareas of yuca with a value for the program of 52,073 soles (see
Table 6).
An agricultural planner should ask himself If such a result is consis
tent, given the degree of uncertainty with respect to price, production and
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the price e lasticity of the products. 
It has been established in Per~ that the price elasticity of demand 
fo r yuca is very low with great fluctuations of price. If only yuca is 
produced in the whole valley of Chincha the price of this product is going 
to be reduced drastically. 
There are two alternative methods for dealing with this s ituat ion: 
I) develop a model and obtain a solution us ing the low price expected for 
yuca if the entire valley is planted to this crop; 2) limit the area used 
for yuca production to a level which will not greatly change the price of 
yuca in the market. 
The first alternative will distort the net income and eliminate the 
crop completely from the final result. The second alternative seems more 
reasonable si nce the yuca activity has the characteristics of low require-
ments of capital and no disease problems. The exact determinations of the 
quantity of yuca that wil I not change sign i ficantly its price in the 
ma rket r eq uires a deeper study of the market of the product, which could 
be s ubj ect of another thesis. 
, 
Furthermore, the government of Peru should 
make s uch studies with respect to all the products in order to have a more 
real i st ic basis for pl anning. 
Li miting the area in the vall ey allocated to yuca to one-fourth of the 
available land greatly reduces the chances of a sharp negative price effect. 
Under this assumption the model provided the outcome shown in Table 7. 
The value of the program was reduced from 52,073.00 soles to 46,377.00 
soles . This plan is more realistic, because this combination of crops 
would not produce drastic changes in the prices of the products in the 
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markets. Deducting the cost of capital, the net income per farm family
had been reduced from 49,524.74 soles to 41,155.56 soles.
Upon examination of Table 7 the contribution of ths model at this
stage was a clear picture of the most critical months with respect to the
requirements of capital.
Shadow prices: (see Table 8). If we replace one hectarea of real
activity now in the optimal solution with each of the following real
activities, which were not In the optimal solution, holding the area of the
farm at 4 hectareas, the value of the program would be reduced In each
case by the following amount:
Activity increased Reduction in the value
by one hectarea of the program, soles
POl Squash 1,290.04
P02 Peas 2,716.45
P03 Sweet potato 3,468.04
P05 Hybrid corn ifj5if7,64
P07 Alfalfa 1,079.50
P08 Cotton 5,933.24
PIO Corn 1,225.24
The last unit of each of the resources which were restrictive to this
program, contribute the following amount to the value of the program.
Contribution of last unit of resource to the value of the program:
R06 Capital in June, one sol 0.16 soles
Rll Capital In November, one sol 0.10 soles
R13 land, one hectarea 10,040.37 soles
This means that if we Increase by one-hundred soles the capital In June or
November, the value of the program would be Increased by approximately 16
soles and 10 soles respectively. If we increase by one hectarea the
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limitation of land, this would increase the value of the program by 10,040.17
soles. Relaxing the restriction on yuca production would also increase the
value of the program by 2,876.34 soles.
B. S i tuation 11
Optimal farm plan assuming 4 hectareas of
land; 12^000.00 soles monthly limitation of
capital; and monthly restriction of water as
indicated in Table 3
Another limitation that was studied in the model was the water restric
tion, since along the coast of Peru it is one of the main restraints in
the agricultural sector.
Detailed Information has been presented in the water restriction sec
tion, where the monthly requirements of water for every crop and the quantity
of water available to be us6d by the farmer were presented.
After including these twelve equations in the system, the computation
gave the results shown in Table 9. The value of this program was reduced
from 46j337-04 soles to 45,620.46 soles. Deducting the cost of capital,
the net Income per farm family had been reduced from 41,155.56 soles to
40,900.88 soles.
If we compare this result with that in the first model, we find that
the level of lima beans has been reduced from 1.4631 hectareas to 1,0185
hectareas.
The plan resulting from model 11 also includes a new activity, alfalfa.
The area of beans Intercropped with corn and the level of the tomato
activity (P04) have increased because they make better use of the water
resources.
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Shadow prices: (see Table 10), If we replaceone hectarea of a real
activity now in the optimal solution by each of the following real activi
ties which were not in the optimal solution, holding the area of the farm
at 4 hectareas, the value of the program would be reduced in each case by
the following amount:
Activity, increased Reduction in the value of
by one i^ectarea the program, soles
POl Squash 10,69
P02 Peas 1,571.18
P03 Sweet potato 2,53if.47
P05 Hybrid corn 2,173.57
P08 Cotton ky8^6.00
PIO Corn 887.39
The last unit of each of the resources which were restrictive to the
program, contributed the following amount to the value of the program.
Contribution of last unit of resources to the value of the program:
RI3 Land, one hectarea 8,203.95 soles
RI5 One irrigation, January 360.0^ soles
Ri8 One irrigation, April 5^.83 soles
R20 One irrigation, June ^92.17 soles
Relaxing the restriction on yuca production would also increase the value
of the program by 4,814.29 soles.
C. S i tuat ion 1 Ii
Optimum farm plan assuming 4 hectareas of land;
12,000.00 soles monthly limitation of capital;
480 hours of labor per month; and monthly limitation
of water as Indicated in Table 3
In situation 111 a further modification of the resource restrictions
was made. This modification was the addition of a monthly labor restriction,
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A labor restriction was defined for each months and the limitation of labor
was given by the hours of labor time available on the family farm.
The result of this analysis is shown in Table 11, The final result
gave the same combination of crops and the same area for each activity as
was given in the second situation. This means that labor is not restric
tive on this type of farm. The final value of the program was 46,620 soles.
Deducting the cost of capitalj the net income per family was 40,900,88
soles.
If we analyze the model and the solution carefully it is possible to
observe that there are many hours of leisure per month. In order to
increase the level of income in this situation part time jobs off the farm
could be obtained, or the amount of land and water per farmer increased.
It Is apparent that under the conditions assumed the acbual area of this
farm was not in accord with the capacity of the family for work.
The fundamental problem In agriculture in the Chincha Valley is over
supply of labor in relation to other resources. The large supply of farm
laborers relative to the demand for them results, from the high farm birth
rate and the current low labor mobility of these people, thus keeping the
supply of farm labor excessive.
Technological advances, particularly those which encourage the substi
tution of capital in the form of machinery would have the immediate result
of aggravating the labor surplus. However capital investment could be
intensified in the form of fertilizer and better quality seeds. Such invest
ments as these will help to Increase output and consequently improve the
level of Income per family farm.
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The shadow prices for the Situation 111 displayed the same character*
istlcs as those presented for Situation II.
0. Situation IV
Optimum farm plan assuming 8 hectareas of land;
12,000,00 soles monthly limitation of capital;
480 hours of labor per month; and monthly
limitation of water as indicated in Table 3
Situation IV differs from situation III in that the limit of the size
of the farm has been increased to eight hectareas. The results are given
in Table 12.
One should note an interesting result in the optimal solution for
this situation. When the restriction on the land available was increased
from h hectareas to 8 hectareas, the size of the farm increased but not by
the full 4 hectareas allowable. Other restrictions were encountered which
only allowed the size of the cultivated area to increase by 1.36 hectareas.
These further restrictions were water and capital. The relative effects
of these restrictions are illustrated by comparing the shadow prices of
Situation III, Table 10, and Situation IV, Table I3. For instance, the
shadow price of R15 (the January water restriction) was increased from
360 soles to 1,263 soles.
If we compare the result in Situation IV with the plan in Situation
III, it is possible to observe that the value of the program has been
increased from 45,620.46 soles to 54,541.12 soles. Deducting the cost of
capital, the net income per family farm had been increased from 40,900.88
soles to 48,495.93 soles. This is a consequence of a larger area in the
plan of 5.36 hectareas. Furthermore the number of activities has been
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increased to seven. .
Another interesting observation in the new plan is that the area of
tomatoes^ beans intercropped with corn and yuca remained almost at the
same level. Also, the alfalfa activity was eliminated in this plan and
replaced by other activities; squash 1.114 hectareas, hybrid corn 0.34^
hectareas and peas 0,732 hectareas. These changes resulted from the need
for a more efficient use of available water. The program therefore
selected activities with lower needs for water in the critical months of
January, April, and July, In these months the impact of increasing the
supply of water was greater as indicated by the shadow prices in Table 13,
Furthermore alfalfa requires more capital than the combination of hybrid
corn and peas for the month of April.
Shadow prices: (see Table 13). If we replace onehectarea of a real
activity now in the optimal solution, holding the area of the farm at
5.36 hectareas, the value of the program would be reduced in each case by
the following amounts;
Activity increased Reduction in the value
by one hectarea of the program, soles
PO3 Sweet potato 857.79
PO7 Alfalfa 1,035,82
P08 Cotton 7#55H-3p
PIG Corn 1^474,43
This last unit of each of the resources which were restrictive to this
program, contribute the following amount to the value of the program.
^3
Contribution of last unit of resource to the value of the program:
R04 Capitalj April, one sol O.7I soles
RI5 One irrigation, January 1,263.00 soles
RI8 One irrigation, April 891,83 soles
RI9 One irrigation. May 466.68 soles
R21 One irrigation, July 755.38 soles
R23 One irrigation, September 375.58 soles
This means that if we increase by one-hundred soles the level of capital in
April the value of the program would be increased by about 71 soles. If
we increase by one hectareas the area of yuca, the value of the program
would be increased by 11,919.12 soles. If we increase the water supply
by one irrigation (3^456 m^) in January the value of the program would be
increased by 1,263.00 soles. If we increase the water supply by one
irrigation in April, the value of the plan would be increased by 891.83
soles. We would be able to Increase the value of the program by increasing
the supply of water by one irrigation in May, July, and September by 466,
755j and 375 soles respectively.
Therefore in order to increase the income of the family farm there
must be an increase in capital in April, and the supply of water per farmer
in January, May, July, and September.
E. Situation M
Optimum farm plan assuming 8 hectareas of land;
16,000.00 soles monthly limitation of capital;
480 hours of labor per month; and monthly
restriction of water as indicated in Table 3
in the short run it is easier to increase the supply of capital than
the supply of water. Situation Vinvestigates the effect of increasing the
availability of capital from 12,000.00 soles to 16,000.00 soles per month.
44
The results of this computation are shown In Table l4.
If we compare the result of this plan with that of Situation IV, it
is possible to observe that the value of the program has been increased
from 54,5^+1.12 soles to 55^303-52 soles. This is a consequence of a larger
amount of capital used in April and November, 13^406.53 and 12,912,85 soles
respectively. Deducting the cost of capital the net income per family
farm had been increased from 48,495.93 soles in Situation IV to 48,730,07
soles in Situation V.
The number of activities has been increased from seven to nine. The
cultivated area considered in Situation IV has changed very little for
Situation V. Instead two new activities were selected: alfalfa, 0.1438
hectareas; and sweet potato, 0.09 hectareas. This change is a consequence
of the availability of capital being increased in April and November.
Shadow prices: (see Table 15). If we replace one hectarea of real
activity now In the optimal solution by each of the following real activi
ties which were not in the optimal solution, the value of the program would
be reduced in each case by the following amount:
Activity increased Reduction In the value
by one hectarea of the program, soles
POB 2,050.63
PIO 887.39
As In Situation IV labor Is not a limitation in this type of farm.
With the exception of June, there is a high redundancy of labor in every
month.
Since the limitation of capital was changed from 12,000,00 soles to
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to 16,000. 00 soles, there was no critical month with respect to capital for 
this type of farm. Therefore , the shadow price shows that the monthly 
ma rgina l productivity of capital i s zero. 
If we analyze the shadow prices it is possible to observe possible 
oppor t uni t ies for increasi ng the level of income by increasi ng the water 
supply per fa rmer in January, April, May, June, July, September, November 
and December. 
The contribution to income in soles of using one more irrigat ion during 
the restrictive months i s the following: 
Rl5 J anua ry 1,350. 18 
Rl8 Apri 1 407.48 
Rl9 May 187. 63 
R20 June 1,396.51 
R21 Ju ly 66.05 
R23 September 888.92 
R25 November 183.28 
R26 December 82.48 
The above results indicate that increasing the water supp ly 1n 
J anuary, June, and September would have a significant impact on the improve-
ment of the leve l of income. 
The results shown fo r Si tuat ion V indicate that satisfyi ng the objec-
ti ve of raising the level o f income of the farm fam i l y depends primarily 
upon increasing the supply of avai labl e water per fa rm. 
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VI. CONCLUSIONS AND RECOMMENDATIONS
The conclusions of this study are: (1) that the small farms of the
Chincha Valley have an excess of family labor and (2) the main resource
restrictions are water and capital.
In order to have a more realistic basis for planning^ the government
of Peru should make studies of determination of elasticities of demand and
supply of all the agricultural products.
In situation I the months of maximum capital requirements were June
and November. The investment of capital in each of these months would
give a return of sixteen percent and ten percent per annum respectively.
In situations 11 and III the shadow prices show that additional
investment would not effect the level of income favorably.
In situation IV when the land available per farm was increased from
if hectareas to 8 hectareasj the shadow prices show that one unit of
capital invested in April would give a return of seventy-one percent per
annum.
In all the situations where the water restrictions were included, a
high marginal product for the water restriction was shown. For instance,
in situation 11 and III an increase of one irrigation in January would
increase the level of income by 360*0^ soles.
In situation IV an increase in one Irrigation in January would
increase the level of income by 1,263.51 soles. Furthermore, it would be
possible to increase the level of income if we increase the number of
irrigations by one in April, May, July, or September.
In situation V where the restrictions on capital and land were
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relaxed^ the water restriction became critical in more months, and defined
a new crop plan for the farm. The increase of water by one Irrigation
would increase the level of Income in January, June, and September by
1,350.l8j 1,396-51 and 888.92 soles respectively.
These results enable us to conclude that in order to increase the
level of income. It Is necessary to increase the water supply per farmer.
Perhaps it is necessary to Increase the number of wells. To make this
decision a detailed study of water resources in the Chincha Valley is
needed. If a sufficient water supply per farmer were assured. It would be
possible to study the necessary increment of land and capital that would
make full use of the work capacity of the family farm.
Where labor was included as a restriction in the situations studied,
the results indicate a surplus of farm labor. This surplus could be
reduced by the use of the following type of policies: (l) by offering the
same opportunity of education in this rural area as In the cities; (2) by
increasing vocational education and providing industrial opportunities to
attract the young people out of agriculture.
50
VII. BIBLIOGRAPHY
1. Babbar, M. M.^ Tintner, Gerard, and Heady, Earl 0. Programming with
consideration of variations in input coefficients. Journal of Farm
Economics 37: 333"3^i- 1955*
2, Normas para su funcionamiento. Banco de fomento Agropecurio des Peru
Decretoley Numero 14509. de Junio de 1963*
3, Bauge, Kenneth Le Roy. Incomes from farming: part time farming and
nonfarm employment in North Central Iowa. Unpublished M.S. thesis.
Ames, Iowa, Library, Iowa State University of Science and Technology.
1958.
4. Beneke, R. B. and Saupe, W. E. Linear programming application to
farm planning, /^es, Iowa, Iowa State University Press. )S65«
5, Cainelli, Cesar Optimum resource allocation on farms In the Argentina
cornbelt. Unpublished M.S. thesis. Ames, Iowa, Library, Iowa State
University of Science and Technology. 1962.
6. Candler, W. A. Modified simplex solution for linear programming with
variable capital restrictions. Journal of Farm Economics 38: 9^0-
955. 1956.
7* Oepartamento de Meteriologia 1 Climatologia. Ministerio de Avlacion
del Peru. Twenty five annual report. 1966.
8. Dorfman, R. Application of linear programming to the theory of the
firm. Berkeley, California, University of California Press. 1951.
9, Food and Agriculture Organization. The agriculture development of
Peru: the report of the mission organized by F.A.O. at the request
of the government of Peru. Washington, D.C., Author. August, 1959.
10. Fleet, C. J. Use of linear programming in farm planning. American
Society of Farm Managers and Rural Appraisers Journal 27: 55"62. 1963
11. Gainer, W. and Brownlee, 0. H. Farmer's price anticipations and the
role of uncertainty in farm planning. Journal of Farm Economics 3I:
266-275. 19^9.
12. Gee, Donald Miller. Linear programming: applications to farm
enlargement decisions. Unpublished M.S. thesis. Ames, Iowa, Iowa
State University of Science and Technology. I963.
13. Heady, Earl 0. and Candler, Wilfred. Linear programming methods.
Ames, Iowa, Iowa State University Press. 1958.
14. International Bank for Reconstruction and Development. World Bank
loans at work. Washington^ D.C., Author. I963.
15. Kaidor, Donald R. and Heady, Earl 0. An explanatory study of expec
tations, uncertainty and farm plans in southern Iowa agriculture.
Iowa Agricultural Experiment Station Research Bulletin 4o8. 195^.
16. Loftssgard, Laurel. Optimum farm plans for beginning farmers on
Carrington Clyde Soils. Iowa Agricultural Experiment Station Research
Builetin, 1963.
17. Murray, William G. Farm appraisal and evaluation. 4th edition,
Ames, Iowa, Iowa State University Press. I96I,
18. Schultz, W. Theodore. The economic organization of agriculture.
New York, N.Y., McGraw-Hill Book Company, Inc. 1953.
19. Shepherd, Geoffrey S. Farm policy, new directions. Ames, Iowa, Iowa
State University Press. 1964.
20. Stewart, J. E. Farm operating capital as a constraint. Farm
Economist 9: 35-75. 1961,
21. Williams, G. An empirical study of price expectations and productions
plans. Journal of Farm Economics 35: 355-370. 1953.
22. Wilson, James, Managerial requirements of farm firms: structural
changes in commercial agriculture. Iowa State University of Science
and Technology Center of Agriculture and Economic Development CAED
Report 24: 53-78. I965.
52 
VII I. ACKNOWLEDGMENTS 
The author wishes to express special gratitude to Dr. Raymond Beneke 
for guidance throughout the preparation of this manuscript and throughout 
the period of graduate study. 
Appreciation is expressed to the members of the Iowa Mission to Peru, 
1963-64 for giving me the opportunity to study at Iowa State University . 
The author is indebted to engi neer Bernabe Ponce of the "Direccion de 
Economia Agraria 11 of the Agriculture Mini stry of Peru for supplying most 
of the data used in this research . 
Also the author expres ses appreciation to the other members of the 
faculty and to his gr aduate student colleagues i n the Economi cs Department 
of Iowa State University . 
